3D WO 3 nanoparticle/h-BN nanosheet composites (WO 3 /BN) have been designed and fabricated by a simple in situ one-step calcination method. By homogeneous dispersing WO 3 on graphene-like BN nanosheets, the as-fabricated WO 3 /BN nanocomposites provided large surface area with more active sites, and a significant red shift of absorption edge from 310 nm to 800 nm containing the full visible optical spectrum absorption was realized, which was favorable for enhancing the absorption of the visible light area and taking full advantages of visible light utilization. Subsequently, the as-fabricated nanocomposites were employed for photocatalytic study under visible light illumination, and the 20% WO 3 /BN sample exhibited the highest photocatalytic activity for Rhodamine B (RhB) degradation with the degradation efficiency of $92%. Additionally, the WO 3 /BN nanocomposites have the excellent degradation efficiency toward Ciprofloxacin (CIP) that was hard to be degradation under visible light illumination, which could be ascribed to the homodisperse WO 3 with more effective active sites for the target pollutants and a synergistic effect between the WO 3 and graphene-like BN. ESR and the radical trapping experiments were further conducted to study the degradation mechanism, and a possible reaction mechanism was proposed, which revealed that the greatly improved photocatalytic activity was mainly ascribed to the high electron-hole separation and transfer efficiency. Our exploration of graphene-like BN modified with WO 3 open a window for the use of other graphene-like BN based composition photocatalysis field.
Introduction
For the past few years, numerous efforts have been devoted to developing effective techniques to eliminate organic pollutants due to increasingly prominent energy and environmental issues. For this purpose, photocatalytic technology has aroused much attention, which is regarded as an environmentally friendly and effective method. [1] [2] [3] [4] Titanium dioxide (TiO 2 ), a typical semiconductor photocatalyst, has been reported as a promising candidate due to its chemical inertness, fantastic photocatalytic ability and nontoxicity. 5, 6 Unfortunately, its wide band gap (E g ¼ 3.2 eV) makes it difficult to utilize solar energy except ultraviolet (UV) light, 7 which only occupies less than 5% of the solar light. 8 Moreover, low specic surface area and high recombination rate of photo-generated electron-hole pairs severely limits its applications. 9 Therefore, designing of novel, stable and effective photocatalysts with relatively high specic surface area, low recombination rate of electron-hole and high visible light use efficiency is urgently in demand.
As is known to all, photocatalysts with appropriate band gap energy is the essential condition for visible light absorption and utilization. 10, 11 Tungsten trioxide (WO 3 ), benetting for its narrow band gap (E g ¼ 2.5-2.8 eV), 12, 13 good corrosion resistance, high photocorrosion resistance and physicochemical stability, 14, 15 owns the advantage of excellent visible light absorption property and is considered as a hopeful visible-light-driven photocatalyst. However, the position of WO 3 conduction band (CB ¼ 0.75 eV) is not high enough for O 2 reduction, 16 and is also faced with high recombination rate of the photo-generated electron-hole pairs, 17 leading to an unsatisfactory photocatalytic performance under visible light. Therefore, effective strategies have been taken to facilitate separation of electrons and holes, such as size and morphology controlling, noble metal loading, and semiconductors coupling. 16 25 and other WO 3 -based nanocomposites were fabricated and exhibited great potential in photo-generated electrons and holes efficient separation, demonstrating a wonderful photocatalytic activity toward the pollutions. Recently, our group demonstrated WO 3 /g-C 3 N 4 nanocomposites with enlarged specic surface areas and suitable band alignment, which was benecial for light absorption and charge transportation, accounting for the higher photocatalytic activities towards methylene blue (MB) and 4-chlorophenol (4-CP) degradation than that of bare WO 3 . 16 As proved, surface modication is an efficient strategy for the improvement of photocatalytic activities. And to make better use of WO 3 , we devote ourselves to explore other appropriate functional elements or groups to further optimize the photocatalytic performance.
Boron nitride (BN), graphene-like material, owning to its suitable structure and fantastic properties, such as high thermal stability, good chemical stability with excellent acid and oxidation resistance, especial photoconductivity and nontoxicity, draws much attention in the application of electrical resistance, thermal conductivity, catalytic activity, and optoelectronic properties. 36,37 Therefore, 2D BN nanosheets with tunable band structure can achieve an optimized band alignment with the photocatalyst, which offer a unique opportunity to overcome the easy recombination rate of the photo-generated electron-hole pairs, serving as the high photo-generated carrier transport way for high-performance degradation toward the target pollutants. BN modied Ag 3 VO 4 , 36 ZnO, 38 and CdS 39 were designed with an enlarged interaction on the curled BN surface and demonstrated a efficient charge transfer and separation processes between BN and the semiconductor, enhancing the corresponding photocatalytic activity. More interestingly, Weng et al. 40 found that band gaps of BN could be tuned by chemically functionalized (002) plane edges, which exhibited widespectrum light absorptions in both UV and visible light ranges, acting as an inorganic sensitizer to induce the visible light response of TiO 2 for a high level of photocatalytic activity toward oxidative decomposition. Hence, BN can be engineered as a support with an optimized band alignment with the photocatalyst for the improvement of photocatalytic activity.
Motivated by the band-gap tailoring strategy, herein, we have designed an in situ one-step method for preparation of the 3D WO 3 /BN nanocomposites with highly-dispersed WO 3 particles loaded on the defective graphene-like BN nanosheets, which was different from our previous study just by the simple physical mixture of BN and WO 3 but with severe agglomeration. 41 In this study, the spatial connement effects of BN nanosheets helped the formation of ultrasmall WO 3 nanoparticles. In addition, the randomly oriented WO 3 nanoparticles, in turn, acted as a spacer and protective layer to prevent the severe agglomeration of BN, thus contributing to a large specic surface area, 42, 43 which provide more active sites for target pollutant adsorption. Besides, WO 3 with small band gap energy that can be excited by visible light, and graphene-like BN with tailored band gap can achieve an optimized band alignment with WO 3 , which was benecial for charge transport and electron-holes separation. Then, the as-prepared WO 3 /BN was employed for systematical study of the photocatalytic degradation performance under visible light illumination with Rhodamine B (RhB) and Ciprooxacin (CIP) as target pollutants. The optimal WO 3 /BN sample with the mass ratio of 20% WO 3 exhibited the highest photocatalytic activity, which could degrade $92% of RhB and exhibited excellent degradation efficiency toward CIP under visible light irradiation. In addition, ESR and the radical trapping experiments were carried out and the possible reaction mechanism for the improved photocatalytic performance was also proposed.
Experimental

Preparation of the photocatalysts
The WO 3 /BN nanocomposites were prepared by a simple in situ one-step calcination method. Typically, 1.2003 g boric acid and 13.9899 g urea with the molar ratio of 1 : 12 were dissolved in 40 mL of ultrapure water, aer that, 0.0163 g ammonium tungstate hydrate was added into the above solution and dissolved. Then, the mixed solution was stirred and dried at 65
C to obtain a precursor. The obtained precursor was put into the alumina crucible, and heated in a tube furnace to 900 C within 3 h, and then the temperature was kept for 2 h under N 2 atmosphere. The as-prepared product was dened as 3% WO 3 /BN. The WO 3 / BN nanocomposites with other mass ratio of 9%, 20%, and 30% were fabricated by a similar procedure. The pure graphene-like BN was synthesized by the same method without ammonium tungstate hydrate.
Characterization of the photocatalysts
The crystalline phases of WO 3 /BN nanocomposites were detected using X-ray diffraction (XRD) on Bruker D8 diffractometer under Cu Ka radiation (l ¼ 1.5418Å) in the scope of 2q ¼ 10-80 . X-Ray photoelectron spectroscopy (XPS) analysis was carried out on an ESCALab MKII X-ray photo-electron spectrometer adopting Mg Ka radiation. The transmission electron microscopy (TEM) images were picked up with a JEOL-JEM-2010 (JEOL, Japan) performed at 200 kV. An energy-dispersive X-ray spectroscope (EDS) was implemented to determine the chemical composition using an acceleration voltage of 10 kV. Ultraviolet visible (UV-Vis) diffuse reection spectra (DRS) were conducted on an UV-Vis spectrophotometer (Shimadzu UV-2450, Japan) in the scope of 200-800 nm with BaSO 4 as reectance standard substance. The Fourier transform infrared spectra (FT-IR) of the catalysts were measured using Nicolet Nexus 470 spectrometer. The photoluminescence (PL) spectra of the catalysts were collected on a QuantaMaster & TimeMaster Spectrouorometer with the excitation wavelength of 325 nm. Photocurrents and electrochemical impedance spectroscopy (EIS) were recorded on an electro-chemical workstation (CHI 660B, Chen hua Instrument Company, Shanghai, China). Xband ESR spectra were recorded at ambient temperature on a JES FA200 spectrometer, with the settings as follows: center eld, 336.496 mT; sweep width, 5 mT; microwave frequency, 9.5 GHz; modulation frequency, 100 kHz; power, 0.998 mW.
Photocatalytic experiments
The photocatalytic activity of the as-fabricated WO 3 /BN was assessed by degrading the organic pollutant of RhB and CIP under the radiation source of a 300 W Xe lamp with a 400 nm cutoff lter. For each experiment, 5 mg photocatalyst was added to 50 mL RhB or CIP solution (10 mg L À1 ) in a Pyrex photocatalytic reactor. Before irradiation, the mixture was magnetically stirred for 0.5 h in the dark to ensure the achievement of absorption/desorption equilibrium between the catalyst and pollutants. Moreover, all experiments were conducted at 30 C with constant stirring and O 2 supply. During irradiation, 4 mL suspension was taken out every 1 h, and then centrifuged (13 000 rpm, 3 min) to separate the photocatalyst powders. The RhB and CIP concentration of the ltrates were measured by a UV-Vis spectrophotometer (UV-2450, Shimadzu) at the maximal absorbance wavelength of 553 nm. The following formula was used to obtain the photocatalytic degradation efficiency (E) of pollutants:
where C is the concentration of the solution suspension at reaction time t, and A is the corresponding values of absorbancy; C 0 is the adsorption/desorption equilibrium concentration of solution suspension, and A 0 is the corresponding values of absorbancy.
Photoelectrochemical measurements
In order to investigate the transition of photo-generated electrons, WO 3 /BN electrodes were prepared. The photocurrents were measured in a standard three-electrode system, a platinum wire was employed as the counter electrode and one indium-tin oxide glass (ITO) was employed as the working electrode while a saturated Ag/AgCl electrode was used as the reference electrode. 5.0 mg sample powder was dispersed ultrasonically in 1.0 mL of ethylene glycol, and 20 mL of the resulting colloidal dispersion (5 mg mL À1 ) was drop-cast onto a piece of ITO slice with a xed area of 0. (020), (200), (111), (021), (201), (220), (221), (002), (400), (112), (041), (401) and (420) plane of the WO 3 (JCPDF#20-1324).
On the other hand, as the increasement of WO 3 content in the nanocomposites, the peaks get strong. The elemental composition and valence on the surface of WO 3 /BN were further investigated by XPS analysis. In the full spectrum of 20% WO 3 /BN nanocomposite (Fig. S1 †) , the element of W, O, B, and N are all observed. In addition, the C 1s peak appears at 284.8 eV is ascribed to the existence of carbon on the surface of nanocomposite, which is caused by the contamination during the measurement. 44, 45 For the high resolution spectra of W 4f ( Fig. 2A) , the peaks locating at 35.5 eV and 37.7 eV are in accordance with the binding energies of W 4f7/2 and W 4f5/2 of W 6+ respectively. 46, 47 In O 1s spectrum ( Fig. 2B and C) , the peak at 532.5 eV belongs to the pure BN. The other O 1s peak at 530.3 eV is associated with the O 2À in the WO 3 .
16 Fig. 2D shows B 1s spectrum, and the peak at 190.6 eV is attributed to the stretching vibration of B-N bond. 36 As for N 1s (Fig. 2E) , the peak at 398.2 eV is due to N 3À in graphene-like BN. 29 Compared with the monomers, the position of all the peaks of WO 3 /BN nanocomposites comes with a faint shi, which demonstrates the interaction between WO 3 and graphene-like BN. This interaction allows for the charge transfer between WO 3 and graphene-like BN, promoting the separation of photo-generated e À -h + pairs, and subsequently increasing the photocatalytic efficiency of the nanocomposites. The morphology of the pure WO 3 , graphene-like BN and 20% WO 3 /BN were investigated by SEM and TEM, respectively (Fig. 3) . The pure WO 3 ( Fig. 3A and E) presents a square block structure with a side length of about 90-120 nm, and the pure graphene-like BN (Fig. 3B and F) is consisted of thin lm layer with a very large surface. Fig. 3C and G shows the interface structure between WO 3 and graphene-like BN of the 20% WO 3 / BN nanocomposite. Clearly, WO 3 is attached to the surface of graphene-like BN layers tightly and homogeneously. The interaction force between WO 3 and graphene-like BN is so strong that ultrasonication treatment cannot destroy the structure. As shown in EDS pattern (Fig. 3D) , the elements of B, N, W and O can be detected, which further certies the successful synthesis of the WO 3 /BN nanocomposites. Fig. 3H shows the TEM image of 30% WO 3 /BN nanocomposite, and there were no signicant differences with 20% WO 3 /BN shown in Fig. 3G . In addition, the HRTEM of the 20% WO 3 /BN nanocomposite, consistent with the EDS maps exhibited a homogeneous distribution of B, N, W and O elements over the entire nanocomposites (Fig. S2 †) . While, it should be noted that the homogeneous interfaces between the WO 3 and BN nanosheets have a high possibility to promote the separation of photo-induced electrons and holes, which are favorable for the improvement of photocatalytic performance. Meanwhile, N 2 sorption-desorption isotherm (Fig. S3 †) 
Optical properties
The structure of graphene-like BN and the inuence of the introduction of WO 3 on the surface groups of graphene-like BN were further explored by FT-IR analysis. And the FT-IR spectra of pure WO 3 , graphene-like BN and WO 3 /BN nanocomposites with different contents are presented in Fig. 4 . The strong broad absorption band at about 3400-3450 cm À1 can be attributed to the stretching vibrations of -OH groups, bending vibrations of adsorbed molecular water. 48, 49 For pure WO 3 , two characteristic absorption peaks at 825 and 777 cm À1 can be observed, which are ascribed to the stretching vibration of the bridging oxygen atoms in O-W-O. 50 In pure graphene-like BN, the absorption band at 1387 cm À1 belongs to the in plane B-N stretching vibration, which is accordance with the sp 2 replacement of graphene-like BN. 42, 51 And the peak at 798 cm À1 can be assigned to the out-of-plane bending vibrations of the B-N-B bond. 42 As for WO 3 /BN nanocomposites, the peak of WO 3 at 825 cm À1 cannot be observed, and it may be ascribed to the existence of graphene-like BN. And the position and intensity of the absorption band at 798 cm À1 is slightly changed with the increase of WO 3 , which indicates there may have an interaction between WO 3 and graphene-like BN in the material.
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DRS experiment was carried out to estimate the optical properties of the as-prepared WO 3 /BN, and the result is exhibited in Fig. 5 . Apparently, with the increasement of WO 3 content, the absorption of WO 3 /BN nanocomposites in the visible light is signicantly enhanced when compared with graphene-like BN and WO 3 , respectively. In addition, the absorption edge presents a remarkable red-shi when compared to pure graphene-like BN, and the nanocomposites can absorb light in the full optical spectrum from 200 nm to 800 nm, promoting the visible light availability and consequently leading to enhancement of the photocatalytic efficiency.
PL experiment was also carried out to monitor the separation/recombination of charge-carriers generated in pure graphene-like BN and WO 3 /BN nanocomposites. PL is associated to the emission of photons caused by electron-hole recombination. Therefore, a weaker intensity of the PL indicates a lower recombination efficiency of electrons and holes. Fig. 6 shows the PL spectra of pure graphene-like BN and WO 3 /BN nanocomposites under the excitation wavelength of 325 nm. Clearly, with the increasing contents of WO 3 , the PL intensities of the WO 3 /BN nanocomposites decreased gradually, which are much lower than that of pure graphene-like BN. The result proves that the recombination of electron-hole pairs is restrained over the WO 3 /BN catalysts, which is benecial to improve the photocatalytic activity of the photocatalyst.
Electrochemical properties
To further investigate the separation and transfer efficiency of the photo-generated electrons and holes, photocurrents of WO 3 /BN nanocomposites under visible light irradiation were detected for four on-off cycles. From Fig. 7 , the current intensity rises to a steady value when the light on, and rapidly decreases to the dark current value when the light off. At the moment of both light on and light off, the changes of currents are almost vertical, indicting the charge transport rates in the as-fabricated catalysts are very fast. Among all of these materials, the 20% WO 3 /BN nanocomposite exhibits the highest photocurrent response, suggesting the highest separation efficiency and longest lifetime of the photo-generated electrons and holes in 20% WO 3 /BN nanocomposite. The result further provides valid evidence that the homogeneous dispersion of WO 3 on graphene-like BN can accelerate the separation and transfer of charge carriers in the interfacial surface of WO 3 /BN nanocomposites, which is considered to the contribution to the enhancement of the photocatalytic activity.
Subsequently, EIS measurement was applied to explore the resistance of charge transfer in the catalysts. The Nyquist circle in the high frequency range corresponds to the charge-transfer resistance, and the smaller circle means the lower resistance of charge transfer between the interfacial surfaces. As can be seen in Fig. 8 , the semicircle of 20% WO 3 /BN nanocomposite is much smaller compared to that of bare graphene-like BN. The result demonstrates that the introduction of WO 3 to graphenelike BN can dramatically reduce the interfacial charge transfer resistance and enhance the separation of photo-generated electron-hole pairs, which then bring in a remarkably improvement of photocatalytic activity. The results are consistent with the PL and photocurrent experiments.
Photocatalytic efficiency of the nanocomposites
The photocatalytic activities of the as-prepared WO 3 /BN nanocomposites were evaluated by degrading RhB under visible light illumination. Fig. 9A demonstrates a comparison between the photocatalytic performances of WO 3 /BN nanocomposites with different contents of WO 3 . Obviously, aer irradiation for 6 h, RhB could not be degraded in the absence of catalyst suggesting that the self-degradation of RhB could be neglected. Aer visible-light irradiation for 6 h, the photocatalytic degradation efficiencies of RhB were estimated as 9%, 49%, 84%, 92% and 70% for WO 3 , 3% WO 3 /BN, 9% WO 3 /BN, 20% WO 3 /BN and 30% WO 3 /BN, respectively. We found that the photocatalytic activity gradually increased with the content of WO 3 increased from 3% to 20%, and decreased with the further increasement of the WO 3 concentration to 30%. Among all these materials, 20% WO 3 /BN catalyst presented the highest photocatalytic activity. With visible light irradiating for 6 h, the degradation rate of RhB could reach about 92%, about 10.2 times higher than that of pure WO 3 . For comparison, the photocatalytic performance of 20% WO 3 /BN and graphene-like BN catalyst without visible light illumination were evaluated to detect the importance of light in the reaction, respectively (Fig. 9B) . And in this case, BN nanosheets and the nanocomposites have the great absorption toward RhB in dark, but with negligible degradation. Therefore, the photocatalytic activity will be enhanced only in the presence of WO 3 /BN catalyst with light irradiation. Noting that the as-synthesis nanocomposites combining WO 3 (good photocatalyst) with graphene-like BN (has strong adsorption ability) led to a great improvement of photocatalytic efficiency that only thimbleful of catalyst (5 mg) could deal with 50 mL RhB solution (10 mg L À1 ), greatly improving the utilization of the catalyst. Furthermore, from Fig. 6 of the FT-IR spectrum, the 20% WO 3 /BN nanocomposite aer using for RhB degradation remains unchanged compared with the one before degradation, which demonstrates that the photocatalyst is stable during the degradation process of RhB. In addition, the repeatability is also an important factor for evaluation of the photocatalytic activity. The photocatalytic activity of the as-prepared 20% WO 3 /BN nanocomposite still maintained a high level ($80.6%), even aer 5 cycles for RhB degradation (Fig. S5 †) . Meanwhile, the XPS analysis of 20% WO 3 /BN aer photocatalytic reactions was also carried out (Fig. S6 †) , the binding energy was still maintained at their original state, which conrmed the stability of the WO 3 /BN nanocomposites for RhB degradation under visible light irradiation.
The pseudo-rst-order reaction model was adopted to explore the kinetics of RhB degradation by the WO 3 /BN catalyst. As shown in Fig. 10A and B, the corresponding ln(C 0 /C) plot presents a wonderful linearity, indicating that the photodegradation of RhB under visible light in the presence of WO 3 , CO 3 2À , with the concentration of 100 mg mL À1 were carried out, respectively. The result (Fig. S4 †) shows that the presence of anion in the system led to a decline of photocatalytic activity, we speculated that the species like Cl À , SO 4 2À , CO 3 2À , are likely to retard the rates of oxidation of RhB by competing for the oxidizing radicals or by blocking the active sites of the WO 3 /BN. However, systematic experiments and the effect mechanism should be further studied. CIP, as a representative colorless broad-spectrum antibiotic agent, can cause multiple negative inuences. Therefore, it is very important for the CIP removal and CIP is chosen to evaluate the photocatalytic activity of the WO 3 /BN nanocomposites. As shown in Fig. 11 , the result revealed 75% CIP could be photodegraded in the presence of WO 3 /BN nanocomposites. The results imply that WO 3 /BN is a kind of efficient photocatalysts which can also be applied to antibiotics pollution treatment.
Schematic illustration of WO 3 /BN nanocomposites
As is known to all, superoxide radical (O 2 c À ), hydroxyl radical (cOH) and hole (h + ) are the most common reactive species acting in a photocatalytic reaction. In this work, several control experiments were carried out to explore the free radicals produced in the reaction process over 20% WO 3 /BN nanocomposite. During the experiments, ethylene diamine tetraacetic acid disodium (2Na-EDTA) was introduced as holes radical scavenger, N 2 was adopted as superoxide radical scavenger, and tert-butanol (t-BuOH) was used to quench hydroxyl radical. 53 As described in Fig. 12 , the degradation efficiency of RhB is 79.3% without the use of scavenger. When 2Na-EDTA and N 2 are added to the solution, the degradation efficiency is signicantly reduced to 36.4% and 38.8%, respectively. Furthermore, the addition of t-BuOH only reduces the degradation efficiency to 65.0%. The result suggests that the photocatalytic activity of WO 3 /BN is greatly inhibited by 2Na-EDTA and N 2 , while slightly suppressed by t-BuOH. And we also demonstrates that O 2 c À , h + and cOH are the active species in the photocatalytic degradation reaction, while O 2 c À and h + play a relatively important role in the process. In order to further ascertain the active species in the photocatalytic reaction process, the ESR spin-trap technique was applied. As presented Fig. 13A , the characteristic signals of O 2 c À (with the intensity ratio 1 : 1 : 1 : 1) are observed in WO 3 /BN under visible light irradiation, while no such signals appear in dark. Fig. 13B shows that the WO 3 /BN can generate cOH (with the intensity ratio 1 : 2 : 2 : 1) with light irradiation, but it cannot generate any characteristic peaks of cOH without light illumination. These experimental results demonstrate that the active species of O 2 c À and cOH are actually formed in the process of photocatalytic reaction, which is consistent with the radical trapping experiment. Based on the above experimental results, a possible reaction mechanism for the signicant photocatalytic activity enhancement of WO 3 /BN was proposed. As described in Fig. 14 , under visible light irradiation, the electrons on the valence band (VB) of WO 3 can be excited to the conduction band (CB) to generate electron-hole pairs. From DRS analysis, the introduction of WO 3 to the graphene-like BN can greatly improve the absorption of the material in visible light region, which is highly expected to improve the visible light-use efficiency. According to previous reports, graphene-like BN can work as a kind of surface passivation material to alter the behavior of photo-generated electron. 54, 55 Therefore, due to the existence of the interface, the photo-generated electron can transfer from WO 3 to graphene-like BN and the efficient separation of electron-hole is realized, 32, 33, 35 which is in consistent with the result of PL, photocurrent and EIS analysis. Moreover, graphene-like BN owns a very large surface area, which can offer numerous active reaction sites and is benecial for RhB to be absorbed around the photocatalyst as well. From the radical trapping experiment and ESR analysis, the photo-generated electron collected by graphene-like BN can be captured by O 2 on the surface of WO 3 / BN catalysts to generate O 2 c À radicals, and the photo-induced holes on the VB of WO 3 can react with surface-absorbed H 2 O or OH À to form the hydroxyl cOH. These radicals play very important roles as active species in the photocatalytic degradation of RhB. Therefore, the WO 3 /BN nanocomposites exhibit an enhancement of the photocatalytic performance.
Conclusion
In conclusion, the WO 3 /BN nanocomposites have been successfully fabricated by a simple in situ one-step calcination method. The WO 3 was well-attached to the graphene-like BN so that a tight contact interface between the two materials has been successfully established. And the 20% WO 3 /BN catalyst presented the highest photocatalytic activity, which could degrade $92% of RhB under visible light illumination. The PL, photocurrent and EIS results presented that 20% WO 3 /BN nanocomposite possessed a lower electron-hole recombination, higher electron-hole separation and smaller charge transfer resistance than that of the pure graphene-like BN.
Combining with the radical trapping and ESR analyses, a possible reaction mechanism was also proposed. Owing to the synergetic interactions between WO 3 and graphene-like BN, the WO 3 /BN nanocomposites has a signicantly improved adsorption of visible light and efficient separation of photo-induced electron-hole pairs. As a result, the WO 3 /BN catalyst presents a remarkably enhanced photocatalytic performance than that of the pure graphene-like BN. Therefore, the WO 3 /BN nanocomposites have a high potential application for eliminating organic pollutants from wastewater.
